
Citation: Comley Steele, A.;

McKenna, H.; Teale, A. Functional

Recovery of COVID-19 Patients

Admitted to a Cardiopulmonary

Inpatient Rehabilitation Unit. COVID

2023, 3, 1310–1321. https://doi.org/

10.3390/covid3090091

Academic Editor: Giuseppe Novelli

Received: 19 June 2023

Revised: 21 August 2023

Accepted: 29 August 2023

Published: 31 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Functional Recovery of COVID-19 Patients Admitted to a
Cardiopulmonary Inpatient Rehabilitation Unit
Amy Comley Steele 1, Heather McKenna 1 and Amy Teale 2,*

1 Cardiopulmonary and Orthopedic Department, Sunnyview Rehabilitation Hospital,
Schenectady, NY 12308, USA; amy.comley@sphp.com (A.C.S.); heather.mckenna@sphp.com (H.M.)

2 James A. Eddy Memorial Foundation Research Institute, Sunnyview Rehabilitation Hospital,
Schenectady, NY 12308, USA

* Correspondence: amy.teale@sphp.com

Abstract: Introduction: With changes in treatments, precautions, and the virus itself, the continued
evaluation of post-COVID-19 patient rehabilitation needs is essential. Methods: Demographics,
comorbidities, functional assessments, quality of life, and rehabilitation outcomes for 98 patients
admitted to inpatient rehabilitation during New York’s most recent major COVID-19 hospitalization
surge were analyzed. Patients were contacted at 6 months to evaluate functional improvement,
post-COVID-19 symptoms, vaccination status, and quality of life. Results: Inpatient rehabilitation
addressed significant limitations in lung capacity, mobility, and self-care. Median mobility scores
improved significantly from admission (16) to discharge (34) and follow-up (42). Sixty-six percent of
patients reported overall quality of life improvement during their rehabilitation stay; at follow-up, a
more modest percentage (35%) reported additional gains. Continued improvement in supplemental
oxygen use was observed in 49% of patients who completed the follow-up assessment. Consistent
with previous studies on severe disease, post-COVID-19 condition features were exhibited by 86%
of patients at follow-up; vaccinated individuals displayed fewer symptoms associated with post-
COVID-19 condition than their unvaccinated counterparts. Conclusions: Individuals recovering
from severe COVID-19, including previously ventilated patients, made significant functional and
quality of life gains during inpatient rehabilitation. While functional independence continued to
improve post-discharge, patients exhibited greater improvement from admission to discharge than
from discharge to 6-month follow-up. Inpatient rehabilitation represents a crucial component for
recovery from severe COVID-19.

Keywords: COVID-19; inpatient rehabilitation; post-COVID-19 condition; cardiopulmonary
rehabilitation outcomes

1. Introduction

The COVID-19 pandemic has led to more than 103 million U.S. cases, with over
6 million hospitalizations and 1.1 million deaths [1]. Most patients infected with COVID-19
exhibit mild to moderate symptoms that do not require hospitalization; patients with severe
illness often experience respiratory failure, septic shock, and/or multi-system organ failure,
requiring long ICU stays with potential mechanical ventilation [2,3]. Several risk factors
reported in patients with severe symptoms include aged ≥65, obesity, heart conditions,
chronic lung disease, diabetes, chronic kidney disease, and smoking [4–6].

Following the hospitalization of patients with severe COVID-19, 15–20% require in-
patient rehabilitation to facilitate a safe discharge home [7]. Deficits addressed include
functional mobility, cognition, cardiovascular status, respiratory function, and neuromus-
cular conditions [7–10]. Post-acute rehabilitation of COVID-19 patients is largely centered
around improving functional capacity and addressing fatigue related to activities of daily
living (ADLs) and shortness of breath (SOB) [9,11–15].
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Several symptoms may appear or persist months after acute illness, collectively re-
ferred to as post-COVID-19 condition [9,16–19]. Patients with post-COVID-19 condition
demonstrate dysfunction across multiple systems; frequently reported symptoms include
cough, phlegm, lack of taste, lack of smell, fatigue, muscular pain, joint pain, headache,
confusion, difficulty concentrating, and diarrhea [20,21]. Most post-COVID-19 condition
symptoms persist for 2 to 9 months following infection, affecting patients’ ability to function
at work and home, and ultimately negatively impacting quality of life [21]. Currently, there
is a concerted effort to understand the long-term effects of COVID-19. Patients at risk of
post-COVID-19 condition largely overlap with those who have experienced severe disease;
thus, there is an enrichment of post-COVID-19 condition in patients requiring inpatient
rehabilitation [16].

The characteristics of hospitalized patients and the list of post-COVID-19 condition
symptoms have changed over time [22,23]. Vaccine availability, improved treatments
and protocols, and the mutating virus itself have led to differences in both underlying
patient characteristics as well as the presentation of symptoms across the multiple waves
of COVID-19. The purpose of this study was to characterize a population of COVID-19
patients admitted to inpatient rehabilitation from September 2021 to March 2022 during a
wave of COVID-19 infection corresponding to a hospitalization surge. In addition, a follow-
up at 6 months after admission to inpatient rehabilitation assessed persistent symptoms,
functional improvement, and quality of life. We hypothesized that patients recovering from
COVID-19 would make clinically significant functional gains during inpatient rehabilitation.
Given the previously noted prevalence of post-COVID-19 condition in individuals who
experienced severe disease [16], we hypothesized that the majority of our patients would
exhibit features of post-COVID-19 condition. Overall, we aim to evaluate the continued
suitability of rehabilitation after COVID-19 infection and characterize patient recovery
trajectories during both inpatient rehabilitation and after discharge.

2. Materials and Methods
2.1. Participants

This study included patients admitted to a single inpatient rehabilitation facility (IRF)
from September 2021 to March 2022 with a COVID-19 diagnosis. Patients were required
to be admitted to the IRF immediately following acute hospitalization for COVID-19,
with a discharge date corresponding to the most recent COVID-19 surge in New York.
Exclusion criteria included re-admission to acute care from inpatient rehabilitation with
no readmission to the IRF, unexpected discharge to subacute rehabilitation, age <18, and
severe cognitive disabilities potentially impacting assessments or survey responses.

2.2. Demographic and Clinical Data

Patient data including age, body mass index (BMI), gender, race, admission date,
length of stay, comorbidities, and Centers for Medicare Services’ Inpatient Rehabilitation
Facility Patient Assessment Instrument (CMS IRF-PAI) items were collected. Clinical data
were extracted from the electronic medical record (EMR), including cognitive assessments
(the Brief Interview of Mental Status and the Montreal Cognitive Assessment, a more
comprehensive cognitive screening tool), acute care admission date, intensive care unit
(ICU) admission, ventilator use, and supplemental oxygen. In addition, data were collected
for the following assessments performed at admission and discharge: the 6 Minute Walk
Test (6 MWT) for aerobic capacity and endurance (in feet) [24] with rating of perceived
exertion (RPE) [25]; the 5 × Sit to Stand (5 × STS) to assess lower extremity strength for
transfers [26], inspiratory capacity (IC) with incentive spirometry to measure respiratory
capacity; and the Euro-Quality of Life 5 Dimension 5 Length (EQ-5D-5L) survey and Visual
Analog Scale (EQ-VAS) to quantify patient self-assessment of health status and quality of
life [27]. For the EQ-5D-5L data, the Pareto Classification of Health Change (PCHC) was
used to assess patients’ health states [28]. An individual’s health state was “improved”
if there was improvement in at least one dimension and no deterioration in any of the



COVID 2023, 3 1312

other dimensions. Their health state was deemed “worse” if there was deterioration in at
least one dimension with no improvement in any other dimension. “Mixed” denoted a
combination of deteriorated and improved health states, and “same” indicated health states
that remained unchanged across all five dimensions between measurements. Functional
abilities were scored at admission and discharge using the IRF-PAI section GG. GG mobility
items include rolling left to/from right, sitting to lying, lying to sitting, sitting to standing,
chair/bed-to-chair transfer, toilet transfers, and car transfers. Walking items include
walking ten feet, fifty feet with 2 turns, 150 feet, navigating uneven surfaces, 1 step, 4 steps,
12 steps, and picking up an object while walking. Self-care items include eating, oral
hygiene, toileting hygiene, showering/bathing, upper body dressing, lower body dressing,
and donning/doffing footwear. Individual items were ranked on a scale of 1–6, with
6 representing complete functional independence for the activity. Consistent with CMS
practice, codes indicating that an activity was not attempted were converted to 1. Individual
item scores were summed to yield total GG scores ranging from 22–132.

2.3. Six-Month Follow-Up

At 6 months, all patients received a call from a physical therapist requesting follow-
up survey completion, with verbal consent documented in the survey form. The survey
included reassessment of the EQ-5D-5L and EQ-VAS, mobility using a GG item subset, oxy-
gen use, presence of post-COVID-19 condition-associated symptoms (fatigue, shortness of
breath, cough, phlegm, lack of taste, lack of smell, muscular pain, joint pain, headache, con-
fusion, difficulty concentrating, and diarrhea), therapies received, and vaccination status.

The World Health Organization (WHO, Geneva, Switzerland) criteria were used to
identify patients exhibiting features of post-COVID-19 condition [29,30]. All patients met
the criterion of a confirmed COVID-19 infection. Additionally, patients had to meet the
following criteria: symptoms persisting beyond the acute phase or emerging 2–3 months
later; symptoms present 3–4 months after recovery and lasting two months or more; and
the presence of least one symptom cluster (persistent fatigue with bodily pain or mood
swings, cognitive problems, or ongoing respiratory problems) [31].

2.4. Data Analysis

The statistical analysis was performed using the SPSS Statistical Analysis Software
(v26.0, IBM Corporation, 2019). Descriptive statistics were used to summarize demographic
variables. Continuous outcome variables were compared using the Wilcoxon signed-rank
test. Post-COVID-19 condition symptom prevalence with vaccination status and prior ven-
tilated versus non-ventilated patient outcomes were compared using the Mann Whitney U
test. Variables were considered statistically significant if p < 0.05. Spearman’s correlation
was performed to determine relationships between continuous and/or ordinal variables,
with significant correlations identified at the p < 0.01 level. Non-parametric statistics
were chosen due to the non-Gaussian distribution of outcome variables based upon vi-
sual inspection, skewness, and kurtosis Z-scores exceeding the recommended normality
thresholds [32]. As data were paired, and assessments were independent, incomplete
pairwise data were excluded on an assessment-by-assessment basis. Clinical significance
was evaluated for assessments where a minimal clinically important difference (MCID) had
previously been calculated. For EQ-5D-5L data, the PCHC was used to assess patients at
discharge and at the 6-month follow-up [28].

3. Results
3.1. Demographics and Inpatient Rehabilitation Therapy Received

A total of 109 patients were admitted to Sunnyview Rehabilitation Hospital’s car-
diac and pulmonary unit between July 2021 and March 2022 with a COVID-19 diagnosis
(Figure 1).
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Figure 1. Scheme of patients recovering from COVID-19 admitted to inpatient rehabilitation and
included in this study. PT, physical therapy; OT, occupational therapy; ST, speech therapy.

One patient passed away after discharge to acute care, two patients were discharged
to acute care and did not return, and one patient was discharged unexpectedly to a skilled
nursing facility (SNF). Seven patients with severe cognitive disabilities were excluded.
Patients had a median age of 62, 46% were female, the median BMI was 28.0, and all
patients had at least one comorbidity deemed a risk factor for severe COVID-19 (Table 1).

Table 1. Patient Characteristics a.

Characteristic COVID-19 Admissions, n = 98

Age, years b 62 (55.3, 73.8)

Race c

White
African American

Hispanic
Declined

88 (90)
7 (7)
1 (1)
2 (2)

BMI (kg/m2) b 28.0 (24.1, 32.7)

Sex (% Female) c 45 (46)

Comorbidities/Risk Factors c

Type II Diabetes
Fatigue
COPD

Asthma
Interstitial Lung Disease

Pulmonary Embolism
Heart Failure

Coronary Artery Disease
Hypertensive Heart Disease

Chronic Kidney Disease
Obesity (BMI ≥ 30)

31 (32)
52 (53)
18 (18)

8 (8)
10 (10)
13 (13)
11 (11)
12 (12)
11 (11)
10 (10)
35 (36)

Acute Hospital
Length of Stay, days b

Admitted to ICU c

Ventilated c

26 (14, 38)
44 (45)
37 (38)

Rehabilitation Hospital b

Length of Stay, days
Brief Interview of Mental Status (BIMS)

Montreal Cognitive Assessment (MoCA)

14 (9, 20)
15 (13, 15)
24 (21, 27)

a Abbreviations: BMI, body mass index; ICU, intensive care unit; kg, kilogram; m, meter. b Data are presented as
median (interquartile range); c data are presented as n (%).
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Throughout their IRF stay, patients were under the care of a physician and received a
medical regimen tailored to individual needs according to functional abilities, admitting
diagnoses, and pre-existing comorbidities. Patients received three hours of intensive
multidisciplinary therapy five days per week, with 30 min of therapy on the sixth day
and a day off for rest. Depending on the needs of the patient, therapy included physical,
occupational, and speech therapies, or only physical and occupational therapies if speech
needs were not identified. Inpatient rehabilitation standard of care was based on the
clinical judgement of the clinician, with each clinician utilizing a rehabilitation approach
individualized to each patient’s unique needs. Rehabilitation included therapeutic activity
addressing functional deficits, therapeutic exercise addressing strength and flexibility,
and neuromuscular re-education addressing balance. Along with medications addressing
ongoing conditions, patients received pain medication as needed, the most common of
which were acetaminophen and topical lidocaine anesthetic. This population additionally
received cardiopulmonary education throughout their stay, with topics including breathing
techniques, oxygen management and titration, energy conservation strategies, and healthy
lifestyle changes.

3.2. Inpatient Rehabilitation Outcomes

At admission and discharge, data were collected using assessments specific to this
population, including the 5 × STS, 6 MWT with RPE, inspiratory capacity, EQ-5D-5L, and
EQ-VAS (Table 2). A total of 75% of patients at admission and 46% at discharge were unable
to complete the 5 × STS assessment. While 43 patients (46%) showed an improvement from
admission to discharge, only 19 were able to complete the test at admission and discharge,
with an overall median improvement from 25 to 20 s. It was therefore determined that the
5 × STS was too difficult for this population overall to provide meaningful information on
their functional recovery.

Table 2. Inpatient Rehabilitation Outcomes a.

Assessment Median Admission Median Discharge Z Score p Value

5× Sit to Stand (s) 25 20 N/A N/A

Inspiratory Capacity (mL) 900 1233 −6.55 <0.00001 c

6 Minute Walk Test (ft) 87 383 −7.67 <0.00001 c

6 Minute Walk Test Rating of Perceived Exertion b 5 (4, 7) 4 (3, 6) −2.69 0.007 c

Functional Independence b

Section GG Self-Care and
Mobility Total
GG Self-Care
GG Mobility

61 (52, 70)
25 (21, 28)
36 (30, 44)

117 (102, 126)
40 (36.25, 42)

77 (66, 84)

−8.59
−8.55
−8.55

<0.00001 c

<0.00001 c

<0.00001 c

a Abbreviations: ft, feet; mL, milliliters; s, seconds. b Data are presented as median (interquartile range).
c Statistically significant (p < 0.05).

For inspiratory capacity, median admission-to-discharge volume increased from
900 mL to 1233 mL (p < 0.00001, n = 91) and represented a clinically significant change
when compared to an MCID of a 10% increase [33]; 62 patients (68%) exceeded the MCID.
Patients (88/98) completing the 6 MWT ambulated a median distance of 87 feet in 6 min
upon admission versus 383 feet upon discharge (p < 0.00001, n = 88), a median gain of
296 feet. The MCID of the 6 MWT is conservatively 177–262 feet (54–80 m) in patients with
chronic pulmonary disease [34]; much lower MCID values (46–100 feet or 14.0–30.5 m) have
been suggested [35]. Patients completing the 6 MWT displayed a median RPE admission-
to-discharge decrease from five to four (p = 0.007, n = 62), which is modest yet clinically
significant [36]. Patients’ self-reported global health assessment on the EQ-VAS exhibited a
median increase of 25 points (50 to 75) from admission to discharge (p < 0.00001, n = 73,
Table 3).
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Table 3. Supplemental Oxygen Use and Euro Quality of Life Visual Analog Scale (EQ-VAS) at
Admission, Discharge, and 6 Month Follow-Up a.

Item Admission Discharge 6 Month Follow-Up

Receiving Oxygen Support b 62 (84) 47 (64) 31 (42)

Tracheostomy Collar/Ventilator b 8 (11) 0 0

Oxygen Support Level, L c 4.5 (4) 2.4 (1.5) 0.9 (0)

EQ-VAS Score c 53.2 (50) 74.5 (75) 79.7 (80)
a Abbreviations: EQ-VAS, Euro Quality of Life Visual Analog Scale; L, liters. b Data are presented as n (%); c data
are presented as mean (median).

The EQ-VAS MCID was determined to be eight in patients undergoing pulmonary
rehabilitation, indicating a clinically significant change in our population, with a change
greater than eight in fifty patients (68%) [37]. From admission to discharge, patients’
functional abilities on the IRF-PAI section GG achieved median values of 61 and 117,
respectively, a gain of 56 points (p < 0.00001, no MCID established). Patients’ supplemental
oxygen requirements from admission to discharge were also compared, with a significant
decrease in oxygen use from 4.5 L to 2.4 L on average (p < 0.00001, Table 3). In addition, all
eight individuals who had a tracheostomy collar or were ventilated upon admission were
transitioned to nasal cannula (six) or no supplemental oxygen support (two) by discharge.

The Pareto Classification of Health Change (PCHC) was used to assess patients at
discharge and 6-month follow-up, considering all five EQ-5D-5L health states (Table 4). Of
the seventy-one patients who were administered the EQ-5D-5L at admission, discharge, and
follow-up, forty-seven (66%) exhibited an improved health state, twenty (28%) displayed
mixed changes, two (3%) were the same, and two (3%) exhibited a worse health state from
admission to discharge.

Table 4. EQ-5D-5L Assessment at Admission, Discharge, and 6-Month Follow-Up Using the PCHC
Method a.

EQ-5D-5L Assessment Outcome Mobility Self-Care Usual Activity Pain/
Discomfort

Anxiety/
Depression

Admission to Discharge:
Improved 46 (65) 43 (61) 52 (73) 28 (39) 31 (44)

Same 20 (28) 25 (35) 13 (18) 29 (41) 34 (48)
Worse 5 (7) 3 (4) 6 (8) 14 (20) 6 (8)

Discharge to 6 Month Follow-Up:

Improved 32 (45) 26 (37) 24 (34) 16 (23) 16 (23)
Same 28 (39) 35 (49) 22 (31) 34 (48) 46 (65)
Worse 11 (15) 10 (14) 25 (35) 21 (30) 9 (13)

a Data are presented as n (%).

To evaluate the impact of prior ventilation on rehabilitation outcomes, the patients
ventilated during their acute care stay (n = 43) were compared to their non-ventilated
counterparts (n = 55). Previously ventilated patients were admitted to inpatient rehabil-
itation with less functional independence on admission, as measured by their total GG
scores (Supplementary Table S1, p < 0.001). However, they made greater gains during
inpatient rehabilitation, and discharge GG scores did not differ from the non-ventilated
group (p = 0.229). Patients requiring ventilation ambulated a shorter distance during the
6 MWT on admission (55 vs. 110 feet, p = 0.008) and a greater distance upon discharge
(525 vs. 297 feet, p = 0.004). They did not differ in the amount of supplemental oxygen
needed, inspiratory capacity, or on the EQ-VAS global health self-assessment at admission
and discharge.
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3.3. Six-Month Follow-Up

At the six-month follow-up, one additional individual was deceased, six declined,
and seventeen were unable to be reached. Seventy-four individuals in total completed
the survey (Tables 3–6), representing an overall completion rate of 76%. At the 6-month
follow-up, the EQ-5D-5L and EQ-VAS were administered and compared to discharge values
(Table 4). Of the 71 total patients administered the EQ-5D-5L at discharge and follow-up,
a smaller percentage displayed an improved health state (35%) than from admission to
discharge (66%), and a greater proportion of patients showed mixed changes to their health
state (51% versus 28%). A total of 7% of patients were the same and 7% were worse from
discharge to follow-up. For the EQ-VAS, the median value was slightly higher than at
discharge (80 vs. 75), which showed modest statistical significance (p = 0.033, n = 73) but
did not surpass the MCID of 8 for clinical significance.

Table 5. GG Mobility Item Subset at Admission, Discharge, and 6-Month Follow-Up.

Assessment Median Maximum Achieved a Z Score p Value

GG Mobility Item Subset—Admission 16 0 (0) N/A N/A

GG Mobility Item Subset—Discharge 34 14 (19) N/A N/A

GG Mobility Item Subset—6-Month Follow-Up 42 57 (77) N/A N/A

Admission to Discharge Gain 19.5 N/A −7.47 <0.00001 b

Discharge to 6-Month Follow-Up Gain 5.5 N/A −6.29 <0.00001 b

a Data are presented as n (%). b Statistically significant (p < 0.05).

Table 6. Follow-Up Survey Results—Post-COVID-19 Condition-Associated Symptoms a.

Symptom Prior Unvaccinated
Symptom Present, N (%)

Prior Vaccinated Symptom
Present, N (%)

Respiratory
Shortness of Breath

Cough
Phlegm

41 (80.4)
28 (54.9)
19 (37.3)

16 (69.6)
9 (39.1)
6 (26.1)

Neurological
Headache

Difficulty Concentrating
Lack of Taste
Lack of Smell

Confusion

17 (33.3)
20 (39.2)
13 (25.5)
13 (25.5)
10 (19.6)

3 (13.0)
6 (26.1)
1 (4.3)
3 (13.0)
5 (21.7)

Other
Physical Fatigue
Muscular Pain

Joint Pain
Diarrhea

41 (80.4)
27 (52.9)
26 (51.0)
8 (15.7)

16 (69.6)
7 (30.4)
5 (21.7)
2 (8.7)

a Data are presented as n (%).

A subset of seven GG mobility and walking items were assessed at the six-month
follow-up; the admission-to-discharge change was compared to discharge versus follow-up
(Table 5).

Items assessed included lying to sitting, sitting to lying, sitting to standing, walking
ten feet, walking fifty feet with two turns, climbing four stairs, and climbing twelve stairs.
The total possible score was 42 (6 per item). On admission, the median score was 16,
increasing to 34 at discharge. From discharge to follow-up, the median increased to the
maximum (42). On admission, no individuals achieved the maximum score, increasing
to 14 (19%) at discharge and 57 (77%) at follow-up. Gains on these seven items from
admission to discharge and discharge to 6 months were statistically significant (p < 0.00001
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for both). At the 6 month follow-up, most patients (58%) did not require supplemental
oxygen support, representing an increase from discharge where only 36% of patients did not
require supplemental oxygen (Table 3). In addition, the average oxygen support decreased
from discharge to the 6-month follow-up (2.4 to 0.9 L/min).

Patients were also asked about follow-up therapy received post-discharge from in-
patient rehabilitation. A total of thirty-three patients received physical therapy alone,
thirty received both physical and occupational therapies, one patient received physical and
speech therapies, two patients received physical, occupational, and speech therapies, and
eight patients received no therapy. For patients receiving therapy services, 52% received
services through homecare, 41% received outpatient treatment, and 8% received a mix of
outpatient treatment and homecare. The median number of therapy sessions per week was
two (range: one to five) and the median duration was six weeks (range: one to twenty-four).

Patients were asked which of the following post-COVID-19 condition symptoms
applied to them in yes/no format: fatigue, shortness of breath, cough, phlegm, lack of taste,
lack of smell, muscular pain, joint pain, headache, confusion, difficulty concentrating, and
diarrhea. The prevalence of individual post-COVID-19 condition-associated symptoms is
included in Table 6. For identification of potential post-COVID-19 condition, WHO criteria
were utilized (see Materials and Methods). Across all patients, 64 (86%) exhibited features
of post-COVID-19 condition, of which 29 (45%) were female.

When asked about vaccination status prior to admission, 23 (31%) individuals indi-
cated that they were vaccinated and 51 (69%) indicated they were unvaccinated. At the time
of survey administration, an additional 18 individuals indicated that they were vaccinated,
representing a vaccination rate of 35% for previously unvaccinated individuals. The overall
vaccination rate 6 months after admission to inpatient rehabilitation was 55%. Individuals
vaccinated prior to their illness exhibited fewer post-COVID-19 condition symptoms on
average than their unvaccinated counterparts (3.4 and 5.2, respectively, p = 0.014, Table 6).

Spearman’s rank-order correlations were conducted to examine relationships between
acute and inpatient rehabilitation lengths of stay, length of ventilation, cognitive status
(BIMS and MoCA), and functional outcomes at 6 months (Supplementary Table S2). Mod-
erate, significant positive correlations were observed between days on ventilator and both
acute LOS (ρ = 0.525) and inpatient rehabilitation LOS (ρ = 0.490). In addition, moderate,
significant correlations were observed between the number of post-COVID-19 condition
symptoms at 6 months and both the level of oxygen use (ρ = 0.531) and the EQ-VAS
at 6 months (ρ = −0.440). Weaker correlations were observed between acute LOS and
MoCA scores (ρ = 0.308); acute LOS and inpatient rehabilitation LOS (ρ = 0.389); MoCA
and BIMS scores (ρ = 0.394); EQ-VAS and oxygen use (ρ = −0.306); EQ-VAS and GG mo-
bility (ρ = 0.321); and number of post-COVID-19 condition symptoms and GG mobility
(ρ = −0.309).

4. Discussion

The aim of this study was to describe characteristics and establish collective functional
recovery trajectories of post-COVID-19 patients requiring inpatient rehabilitation from
September 2021 to March 2022. This population corresponds to the third and most recent
COVID-19 wave and hospitalization surge in New York State. As treatments stabilized
and vaccine availability increased prior to this wave, this patient population may be more
representative of future patients than previous waves. All patients displayed at least
one comorbidity identified as a risk factor for severe disease [4–6]. The characteristics
of their acute stay indicate the severity of their disease, with a median acute care stay of
26 days, with 45% admitted to the ICU, and 38% ventilated. A recent study identified
hospitalization as the most important risk factor for post-COVID-19 condition sequelae,
reporting that 79% of hospitalized patients developed post-COVID-19 condition [16]. This is
consistent with our finding that 86% of our patients indicated self-reported post-COVID-19
condition symptoms.
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Clinically significant changes were achieved during inpatient rehabilitation in several
assessments from admission to discharge, including the 6 MWT with RPE, inspiratory
capacity, and EQ-VAS. Increased inspiratory capacity indicates more effective ventilation
and is associated with reduced mortality [32]. Patients exhibited improvements in both
distances walked and RPE during the 6 MWT, exceeding the MCID for the 6 MWT. The
change of 1 unit on the RPE indicates a modest but clinically meaningful improvement in
perceived exertion during the 6 MWT and is potentially conservative due to the overall
decrease in oxygen supplementation from admission to discharge. For the EQ-VAS, patients
rated their own global health as improved from admission to discharge by 25 points
overall, indicating a clinically significant change. This QoL improvement was durable to
the 6 month follow-up, suggesting that their assessment at discharge was indicative of
their longer-term self-assessed global health. Improvement on the EQ-5D-5L was greater
from admission to discharge (median LOS 14 days) than from discharge to the 6 month
follow-up, particularly in the mobility, self-care, and usual activity categories (Table 4),
potentially due to the focus on functional independence and ADLs, as well as the post-
discharge continuation of PT, OT, and/or speech therapy for most patients. Addressing
pain and discomfort, as well as anxiety and depression, are areas for exploration in the
comprehensive care of post-COVID-19 patients. In addition, patients’ use of supplemental
oxygen improved from admission to discharge, with more modest improvement from
discharge to the 6 month follow-up. At the 6 month follow-up, the majority of patients
demonstrated overall independence in functional mobility. Post-COVID-19 symptom
prevalence at 6 months was moderately associated with a reduced overall self-assessment
of global health and increased oxygen use, highlighting the potential multifactorial long-
term impact of severe COVID-19 on a patient’s functional recovery and quality of life.

Both previously ventilated and non-ventilated patients made significant gains during
inpatient rehabilitation, with similar functional abilities on discharge. Patients ventilated
in acute care were admitted with lower functional independence at admission but made
greater gains from admission to discharge on both section GG of the IRF-PAI and on
the 6 MWT. Ventilated patients surpassed non-ventilated patients in the median distance
walked on the 6 MWT by a factor of 1.77; in addition, they displayed similar inspiratory
capacity, supplemental oxygen use, and global health self-assessment on admission and
discharge. Collectively, these observations are potentially partially explained by the ages
of the two populations. Ventilated patients were, overall, much younger than their non-
ventilated counterparts, with a median age of 55 versus 68, allowing them to regain a higher
level of functional independence more quickly, with respiratory capacities reflecting those
of a younger cohort.

The combination of improvements in objective and subjective outcomes underscores
the ability of inpatient rehabilitation to address the needs of COVID-19 patients. Despite
a much shorter time frame from admission to discharge (2 weeks on average) versus
discharge to 6 month follow-up, the improvements were greater, indicating that inpatient
rehabilitation promotes significant early functional gains in this population, potentially
setting the trajectory for further modest yet continued improvement as patients transition
to outpatient services.

Despite continued gains, 86% of individuals exhibited features of post-COVID-19
condition at the 6 month follow-up. Symptoms with the greatest self-reported prevalence
included fatigue and shortness of breath, similar to previous studies investigating post-
COVID-19 condition symptoms [14,21,38]. Most patients (69%) admitted to inpatient
rehabilitation were unvaccinated prior to illness, and 45% remained unvaccinated at the
follow-up. The interdisciplinary team played an important role in efforts to vaccinate
individuals to prevent COVID-19 recurrence; vaccinations were offered and encouraged
during patients’ hospitalizations. An exploration of further vaccination efforts both during
and beyond inpatient rehabilitation is warranted. A significantly greater number of post-
COVID-19 condition symptoms were present in unvaccinated individuals, indicating the
potential protective effect of vaccination even in individuals with severe disease. More
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research is needed to understand the clinical course and post-hospitalization outcomes of
severe COVID-19 infection in vaccinated versus unvaccinated individuals.

There is minimal literature describing the characteristics of COVID-19 patients admit-
ted to inpatient rehabilitation following acute hospitalization, as well as their functional
recovery and quality of life several months after discharge. This study quantifies improve-
ments during inpatient rehabilitation and provides evidence supporting the continued
suitability of an IRF as a discharge destination for COVID-19 patients post-hospitalization
for severe disease, including the most severe cases that were ventilated during their acute
hospitalization. In addition, it supports continued outpatient rehabilitation to address func-
tional deficits associated with post-COVID-19 condition. This population would benefit
from further exploration of the relationship between post-COVID-19 symptoms, functional
independence, and quality of life, as well as continued follow-up to determine whether
patients recovering from severe disease fully return to their previous state of health.

Limitations

This study included patients at a single IRF during a single wave of COVID-19 infec-
tion; thus, it may not represent the diversity of the overall population. COVID-19 patients
were not compared to matched controls, limiting the analysis of the specific impact of
inpatient rehabilitation on outcomes within this population. Not all patients completed
the follow-up, further limiting the population studied. The 6-month follow-up survey was
conducted by telephone with no in-person assessment; therefore, the results were not based
on objective clinical observations and may be biased by patient recall. Finally, additional
COVID-19 variants and improved treatments could further alter the characteristics of the
population requiring inpatient rehabilitation following acute hospitalization, limiting the
applicability of these results to future patients.

5. Conclusions

This study underscores the importance of inpatient rehabilitation for the post-COVID-
19 population, and highlights continued post-acute care needs several months beyond
discharge. With a focus on patients in a later wave of COVID-19, we observed clinically
meaningful improvements in outcomes, justifying the continued suitability and appropri-
ateness of inpatient rehabilitation for post-COVID-19 patients, including the most severe
cases that required ventilation during their acute hospitalization. Continued long term
follow-up of patients with post-COVID-19 condition is warranted to further assess symp-
tom prevalence, progression over time, and vaccination impact on severity.
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